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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to a computer-implemen-
ted cooking method, a non-transitory machine-readable
medium and a cooking apparatus for implementing a
cooking process.

BACKGROUND OF THE INVENTION

[0002] Cooking apparatus may implement cooking
processes such as roasting, grilling, frying, air frying,
etc., to cook food. For example, cooking apparatus such
as ovens or air fryers may be used for roasting food. Inan
example use case, a user may set the cooking tempera-
ture of the cooking apparatus while also defining the
amount of time that the cooking apparatus is to cook
thefood (e.g., by setting atimer at which point the cooking
apparatus turns off or the user manually removes the
food from the cooking apparatus). However, the outcome
of the cooking process (e.g., quality of the cooked food,
time to cook the food, etc.) may depend on factors such
as the user’s skill or experience, how closely the user
follows a recipe and/or the cooking efficiency of the
cooking apparatus. In the example of roasting, a user
may set the cooking apparatus to cook at a relatively high
temperature, to roast the food within a specified time
period. While this high temperature cooking process
may cook the food within a relatively short period of time
and/or result in food having a desirable flavor, there is a
risk of an outcome such as the food being overcooked or
less tasty than anticipated.

[0003] WO 2019/033089 A1 describes a heating algo-
rithm to cook at least one food substance in a cooking
chamber, detect a state change of the food substance,
and modify the heating algorithm to reconfigure the sys-
tem resources supplied to the heating elements in re-
sponse to the state change.

[0004] US 2019/110638 A1 describes a cooking appli-
ance that uses machine learning models to provide auto-
mation of a cooking process.

[0005] EP 3551018 A1 describes a weight sensor to
monitor the weight of a processed food substance, and a
control device to obtain weight information for the food
substance, compute a derivative signal that is indicative
of a weight loss rate of the food substance, compute a
characteristic value of the derivative signal, and in an
initial stage of a heating procedure, based on the char-
acteristic value, determine an estimate for an initial fat
content of the food substance, for the ongoing heating
procedure, and/or an estimate for a resulting fat content
change for the food substance.

[0006] EP 3742052 A1 describes a mess detectorfora
cooking appliance having a cook surface with one or
more heating zones, the mess detector comprising: a
housing having a mount for securing to the cooking
appliance or nearby structure within a line of sight of
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the cook surface; atleast one sensor configured to sense
a mess on the cook surface, the at least one sensor
comprising a visual light imaging device and outputting
image data; and a projector emitting a projected image
indicative of a sensed mess onto the cook surface; and a
controller comprising a processor receiving the image
data and programmed with one or more algorithms to
process the image data to determine when a mess has
occurred on the cook surface and indicating that a mess
is detected.

[0007] WO 2018/197596 A1 describes a device for
determining sugar content information for a food item
during or after cooking.

SUMMARY OF THE INVENTION

[0008] Certain aspects or embodiments described
herein may relate to improving the outcome of a cooking
process and/or reducing burdens for a user.

[0009] The invention is defined in the independent
claims. Advantageous optional features are set out by
the dependent claims.

[0010] Inafirstaspect, acomputer-implemented cook-
ing method is according to present claim 1. The method
comprises receiving first image data corresponding to a
view associated with a solid food item at a first time of a
cooking process implemented by a cooking apparatus.
The method further comprises receiving second image
data corresponding to a view associated with the food
item ata second time of the cooking process. The method
further comprises comparing the firstimage data with the
second image data to detect a geometric change indica-
tive of liquid loss of the food item between the first time
and the second time as a result of the cooking process. In
response to the detected geometric change being indi-
cative of a transition from a first phase to a second phase
of the cooking process where liquid loss from the food
item as a result of the cooking process occurs at a higher
rate during the second phase than the first phase, the
method further comprises causing the cooking apparatus
to modify the cooking by reducing a cooking temperature
of the cooking apparatus.

[0011] Some embodiments relating to the first and
other aspects are described below.

[0012] The transition from the first phase to the second
phase occurs when, during the cooking process, a struc-
ture of the food item undergoes a physical change as a
result of the cooking process such that liquid is released
from the structure.

[0013] The method further comprises detecting the
geometric change of the food item by identifying a change
in position and/or size of at least part of the food item
between the first and second image data.

[0014] The method further comprises identifying the
transition from the first phase to the second phase. The
transition is identified by comparing the identified change
in position and/or size with a threshold geometrical
change value indicative of the transition. In response
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to the identified change crossing the threshold geome-
trical change value, the cooking apparatus causes the
cooking apparatus to modify the cooking process by
reducing a cooking temperature of the cooking appara-
tus.

[0015] In some embodiments, the method comprises
identifying the change in position. The change in position
may be identified by: identifying a coordinate in the first
image data that corresponds to a region of the food item;
identifying a coordinate in the second image data that
corresponds to the region of the food item; and identifying
the change in position based on a change of the identified
coordinate corresponding to the region of the food item
between the firstimage data and the second image data.
[0016] In some embodiments, the method comprises
identifying the change in size. The change in size may be
identified by: identifying a set of coordinates in the first
image data that are indicative of a dimension of the food
item at the first time; identifying a set of coordinates in the
second image data that are indicative of the dimension of
the food item at the second time; and identifying the
change in size based on a change of identified coordi-
nates between the first and second image data.

[0017] In some embodiments, the indication of liquid
loss comprises a change in an amount of visible liquid on
a surface of the food item and/or on a support surface for
the food item.

[0018] In some embodiments, the method comprises
using a surface liquid detection model to detect, between
the first and second image data, the change in the
amount of visible liquid on the surface of the food item
and/or on the support surface for the food item. The
surface liquid detection model is configured to identify
the transition from the first phase to the second phase.
The transition may be identified by comparing the identi-
fied change in the amount of liquid on the surface of the
food item and/or on the support surface with a threshold
liquid change value indicative of the transition.

[0019] In some embodiments, the method comprises
causing the cooking apparatus to modify the cooking
process in response to the identified change crossing
the threshold liquid change value.

[0020] Insomeembodiments, where thereis a plurality
of food items to be cooked, the method comprises caus-
ing the cooking apparatus to modify the cooking process
in response to identifying when, during the cooking pro-
cess, a predefined number or proportion of the plurality of
food items are associated with the detected geometric
change indicative of the transition from the first phase to
the second phase of the cooking process.

[0021] In some embodiments, the method comprises
receiving data indicative of a type of the food item re-
ceived by the cooking apparatus for cooking. The method
may further comprise causing the cooking apparatus to
apply heat at afirst target temperature. In response to the
detected geometric change being indicative of the transi-
tion from the first phase to the second phase of the
cooking process, the method may further comprise caus-
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ing the cooking apparatus to apply heat at a second,
reduced, target temperature. The indication of the geo-
metric change detected during the cooking process may
be compared with a predefined threshold change value
based on the type of the food item. The predefined
threshold change value may be indicative of the transition
from the first phase to the second phase of the cooking
process.

[0022] In a second aspect, a non-transitory machine
readable medium is according to present claim 9.
[0023] Inathird aspect, a cooking apparatus is accord-
ing to present claim 8.

[0024] Certain aspects or embodiments described
herein may provide various technical benefits such as
reducing the amount of liquid lost from food during a
cooking process, which may help to improve an outcome
of the cooking process. In this manner, certain aspects or
embodiments described herein may lead to an improved
outcome such as improved food quality (e.g., food flavor,
texture, juiciness, etc.), reduced cooking time compared
with low temperature cooking processes and/or reduced
cleaning or maintenance of cooking surfaces, among
other benefits such as referred to herein.

[0025] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF DRAWINGS

[0026] Exemplary embodiments of the invention will
now be described, by way of example only, with reference
to the following drawings, in which:

Figure 1 refers to a cooking method according to an
embodiment;

Figure 2 is a schematic drawing of a cooking eco-
system according to an embodiment;

Figure 3 is a schematic drawing of a cooking appa-
ratus for implementing a cooking process according
to an embodiment;

Figure 4 is a graph representative of a cooking
process implemented according to various embodi-
ments;

Figures 5(a)-(b) schematically depict images of a
food item during a cooking process;

Figure 6 refers to a cooking method according to an
embodiment;

Figure 7 refers to a cooking method according to an
embodiment;

Figures 8(a)-(b) schematically depict images of a
food item during a cooking process;
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Figure 9 refers to a cooking method according to an
embodiment;

Figure 10 refers to a cooking method according to an
embodiment;

Figure 11 refers to a cooking method according to an
embodiment;

Figure 12 is a schematic drawing of a machine-read-
able medium for implementing various embodi-
ments; and

Figure 13 is a schematic drawing of apparatus for
implementing various embodiments.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0027] Asreferredtoherein, a"cooking process" refers
to applying heat to a food item to cause a change in the
food item. Such application of heat may result in a mere
warming of the food item, or a more substantial change in
the food item such as may be achieved by using cooking
methods such as roasting, grilling, frying, air frying, etc.
[0028] As referred to herein, a "cooking apparatus"
refers to any device capable of applying heat to a food
item, in order to complete the cooking process as referred
to above. Heat may be applied to the food item by the
cooking apparatus in one or multiple ways such as by
conduction, convection or radiation. Examples of cook-
ing apparatus include: an oven, microwave oven, hob, air
fryer, etc.

[0029] Cooking apparatus such as air fryers may be
conveniently used for roasting food such as meat, fish
and vegetables. To create a delicious taste and reduce
the cooking time, the roasting temperature may be set at
180°C, or higher. Increasing the cooking temperature
may reduce the time for the cooking process to complete.
In addition, such high temperature roasting may result in
the food having a desirable flavor. For example, a user
may prefer the flavor of meat, fish or vegetables roasted
at a high temperature compared with meat, fish or vege-
tables roasted at a lower temperature, or cooked using a
different cooking process such as boiling.

[0030] However, food such as meat, fish and vegeta-
bles may have a high liquid content (e.g., water, lipids
and/or proteins that may be released from the food in
liquid form during the cooking process). Such food may
comprise structures which, when heated, undergo phy-
sical changes resulting in the release of liquid during the
cooking process. For example, muscle fibers may shrink
or break, proteins may become denatured, collagen may
dissolve, fats may melt, etc., as a result of the cooking
process.

[0031] Raw meats and seafood may have high water
content. Some of this water content may contribute to the
"juiciness" of the meat. However, the cooking process
may reduce the juiciness of the meat. For example, some
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water may be stored in spaces between protein filaments
of the muscle fibers, as well as around the muscle fibers.
During the cooking process, some proteins may denature
such that the core of the muscle fibers may collapse and
shrink. As the cooking process continues, juice (i.e.,
water in combination with any other components dis-
solved or otherwise mixed with the water such as sugars,
salts, protein components, lipids, etc.) may be squeezed
out from within and around the muscle fibers. The juice
released by this process may combine with oil/fats re-
leased from other structures in the meat as a result of the
cooking process. The liquid leached out from the meat
may be considered "free" liquid. However, some
"trapped" liquid may be left behind after completion of
the cooking process. Trapped liquid may not necessarily
provide the desired juiciness since it may be trapped by
gel-form proteins or otherwise bound to various compo-
nents of the cooked meat.

[0032] In an example, a significant amount of liquid
may be released from the various structures of the meat
as a result of the cooking process when the temperature
of the meat exceeds 65 °C. As the cooking process
continues, "free" liquid may be released, leaving behind
"trapped" liquid. For example, by the time the meat
reaches a temperature of 85 °C, collagen shrinkage
may have released most of the "free" liquid leaving
behind mostly "trapped" liquid. Therefore, the meat
may be considered dry and/or tough at this point.
[0033] Similarly, structures in vegetables such as cells
storing high-water content liquid may shrink or become
broken during the cooking process to release the liquid
therefrom, which may lead to vegetables shrinking and/or
becoming dryer during the cooking process.

[0034] Thus, certain liquid released from food during
the cooking process may make the food dry, hard, less
juicy, less tasty, etc. Food (such as meat, vegetables,
etc.) may be considered to be solid. However, the food
may release liquid (e.g., leach-out liquid that may seep
out from the food) during the cooking process.

[0035] A cooking process called "low temperature
roasting" (where the cooking temperature may be lower
than 100°C) may be used to retain as much liquid as
possible in the food (e.g., to reduce leaching out of the
liquid). However, the low temperature roasting method
increases the time to cook the food, compared with the
high temperature roasting method. In addition, there may
be cases where food cooked using the low temperature
roasting method may be considered to be less tasty than
food cooked using the high temperature roasting method.
Similar issues may exist with other cooking processes
such as grilling, barbequing, etc.

[0036] In some cases, certain liquid such as oil/fat
released from the food may become baked on to a
cooking surface as "grease". Over time, the accumula-
tion of the baked-on grease may make cleaning rather
difficult. There are many cleaning materials in the market
and many tips on how to clean baked-on grease. How-
ever, this may not be convenient for a consumer due to



7 EP 4 468 879 B1 8

the extra attention and time needed for consumers to
clean the cooking surface.

[0037] The release of liquid (which may also be re-
ferred to as "leach-out") during the cooking process may
therefore cause various issues such as relating to the
final quality of the cooked food and/or burdens for a user
implementing the cooking process.

[0038] Figure 1 refers to a cooking method 100 (i.e., a
computer-implemented method) according to an embo-
diment. The cooking method 100 may be used for con-
trolling a cooking process implemented by a cooking
apparatus. The cooking method 100 is computer-imple-
mented (e.g., using processing circuitry of an entity such
as referred to in certain systems described below).
[0039] The cooking method 100 comprises, at block
102, receiving first image data corresponding to a view
associated with a food item at a first time of a cooking
process implemented by a cooking apparatus.

[0040] The cooking method 100 further comprises, at
block 104, receiving second image data corresponding to
a view associated with the food item at a second (later)
time of the cooking process.

[0041] In some cases, the first and/or second image
data may correspond to or may be derived from imaging
data captured by a camera (e.g., a camera of the cooking
apparatus itself or a camera as a separate entity to the
cooking apparatus). Such a camera may be positioned
inside the cooking apparatus itself or outside the cooking
apparatus butwith aregion of interest associated with the
food item in a "field of view" of the camera.

[0042] In some cases, such first and/or second image
data may correspond to the raw imaging data captured by
the camera. In some cases, such first and/or second
image data may comprise processed imaging data
(e.g., compressed imaging data, enhanced imaging
data, etc., derived from the raw imaging data).

[0043] The "view associated with the food item" may
refer to a region of interest associated with the food item
in a "field of view" of the camera. In some cases, at least
part of the food item may be visible in the view of the
camera. In some cases, the food item may not be visible
in the view. In this latter case, the "region of interest" may
refer to an area around the food item which may be of
interest for various reasons as described herein. In either
case, the first and second image data may provide in-
formation about the food item at the first and second
times, respectively, which may be used in the cooking
method 100 as further described below.

[0044] The cooking method 100 further comprises, at
block 106, comparing the firstimage data with the second
image data to detect a geometric change of the food item
between the first time and the second time as a result of
the cooking process.

[0045] In response to the detected geometric change
being indicative of a transition from a first phase to a
second phase of the cooking process where liquid loss
from the food item as a result of the cooking process
occurs at a higher rate during the second phase than the
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first phase, the cooking method 100 further comprises, at
block 108, causing the cooking apparatus to modify the
cooking process.

[0046] As highlighted above, the cooking process may
lead to various physical changes in the food item leading
to liquid loss from the food item (and a corresponding
geometric change of the food item). The comparison of
the first and second image data may yield information
about a physical change of the food item that may provide
an indication of the liquid loss that corresponds to the
geometric change. A geometric change of the food item
between the first and second times may provide such an
indication of liquid loss. In some embodiments, visible
leached-out liquid from the food item may provide the
indication of the liquid loss and corresponding geometric
change of the food item.

[0047] The timing of the transition from the first phase
to the second phase may depend on various factors such
as the type of food item being cooked, efficiency of the
cooking process, size of the food, cooking recipe being
followed, etc. Further, the transition from the first phase to
the second phase may not be instantaneous. For exam-
ple, different parts of the food item may reach a certain
temperature at different times (e.g., the core of the food
item may take longer to cook than the surface of the food
item). Further, different parts of the food item may re-
spond to heat differently (e.g., predominantly fatty struc-
tures may release liquid at a different temperature to
predominantly water and/or protein-based structures).
[0048] For a period of time after the cooking process
has started, there may be little or no liquid loss. The "first
phase" may comprise this period of time with little or no
liquid loss. During the first phase, the core temperature of
the food item may be relatively low such that the struc-
tures in the core of the food item do not undergo any
substantial physical changes leading to the release of
liquid therefrom.

[0049] However, as the food item cooks, various phy-
sical changes may occur which may be associated with
anincreaseintherate of liquid loss. Thisincreased rate of
liquid loss may occur during the "second phase". There
may still be some liquid loss during the first phase. How-
ever, the rate of liquid loss in the second phase may be
substantially increased compared with the first phase.
After the second phase, a further "third" phase may occur
where the rate of liquid loss decreases again (e.g., when
most of the free liquid has been released to leave behind
the trapped liquid).

[0050] Some example models (implemented by the
processing circuitry as part of a cooking method) for
identifying the transition based on the comparison are
described below. In each example model, the compar-
ison of the first and second image data provides informa-
tion indicative of the rate of liquid loss. The identification
of the transition is based on identifying when, during the
process, the rate of liquid loss (and the corresponding
geometric change) is indicative of a threshold being
crossed where the threshold is indicative of the transition.
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[0051] Such a threshold may depend on a cooking
factor such as the type of food item being cooked, effi-
ciency of the cooking process, size of the food, cooking
recipe being followed, etc. In some cases, a cooking
study may have been carried out to determine the rate
of liquid loss over time for a certain type of food item, as
well as establishing how this liquid loss affects the final
quality of the food item. Thus, the cooking study may
provide information for use in selecting the threshold.
However, in some cases, a study may not be used for
selecting the threshold. For example, some models may
regard the transition as occurring when the indication of
liquid loss is first detected during the cooking process
(thus the threshold is when liquid loss is first detected). In
another example, some models may regard the transition
as occurring based on when a physical change is identi-
fied and quantified, such as a reduction in the size of the
food item by a predefined threshold.

[0052] In an example model, a comparison of the first
and second image data may yield informationindicatinga
proportion of liquid has been lost from the food item as a
result of the cooking process. The example model may be
configured to determine (e.g., estimate, quantify, etc.) a
proportion of the liquid that has been lost from the food
item between the first and second times. Various ways
this information can be established are described below.
The identification of the transition may be based on when
the comparison indicates that a threshold proportion of
liquid has been lost from the food item. As highlighted
above, the threshold may be based on a cooking factor.
[0053] In another example model, if the amount of
liquid lost can be quantified within a set of equal time
intervals, it may be possible to detect when the transition
occurs based on when the rate of detected liquid loss
crosses the threshold. In this regard, the example model
may be configured to determine (e.g., estimate, quantify,
etc.) how much liquid has been lost from the food item
during each time interval. A comparison of first and
second image data associated with a first time interval
may yield information indicating an estimate or other
indication of an amount of liquid lost during the first time
interval. A comparison of first and second image data
associated with a second, subsequent, time interval may
yield information indicating an estimate or other indica-
tion of an amount of liquid lost during the second time
interval. If the amount of liquid lost is the same or does not
significantly increase in each of the first and second time
intervals, then this may indicate that the transition has not
occurred. However, if the amount of liquid lost increases
in the second interval (e.g., increases by a threshold
value), then this may indicate that the transition has
occurred.

[0054] In another example model, a comparison of the
firstand second image data may indicate that a specified
part of the food item (e.g., the core of the food item) has
reached a threshold temperature associated with the
transition. In this regard, the example model may be
configured to identify the transition based on predeter-
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mined information indicating a relationship (e.g., based
on a cooking factor) between an expected core tempera-
ture for a specified degree of liquid loss. In other words,
the predetermined information may be used by the model
to estimate the core temperature of the food item based
on the amount liquid loss detected.

[0055] In these example models, a computer-based
visual analysis of the first and second imaging data may
be used to detect the indication of liquid loss. In response
to the detected liquid loss (and corresponding geometric
change) being indicative of the transition from the first
phase to the second phase, the cooking process may be
modified.

[0056] The modification of the cooking process in-
volves reducing the cooking temperature. For example,
the high temperature roasting method may be used in the
first phase. Subsequently, a lower temperature roasting
method may be used in the second phase.

[0057] A further possible modification of the cooking
process may involve another change that may reduce the
rate of liquid lost in the second phase. For example, a
change of any setting of the cooking apparatus (such as a
change of air circulation speed, etc.) that may otherwise
slow down the cooking process may be used.

[0058] The cooking method 100 therefore causes the
cooking apparatus to modify the cooking process by
reducing a cooking temperature of the apparatus. In this
regard, the cooking method 100 may cause a controller of
the cooking apparatus to change its setting. Forexample,
the cooking method 100 may cause a signal to be sent to
the controller to cause the controller to e.g., reduce the
cooking temperature.

[0059] The implementation of certain embodiments
described herein such as the cooking method 100 may
address at least one of the various issues described
above. For example, the cooking method 100 may re-
duce the amount of liquid lost from food during a cooking
process e.g., compared with some high temperature
methods which may otherwise lead to excessive loss
of liquid during the cooking process. Certain embodi-
ments described herein may lead to an improved out-
come such as improved food quality (e.g., food flavor,
texture, juiciness, etc.), reduced cooking time compared
with low temperature cooking processes and/or reduced
cleaning or maintenance of cooking surfaces.

[0060] Figure 2 is a schematic drawing of a cooking
ecosystem 200 according to an embodiment. Certain
embodiments described herein (e.g., cooking method
100) may be implemented in certain parts of the cooking
ecosystem 200. The cooking ecosystem 200 depicts
various devices and entities which may be deployed as
part of the cooking ecosystem 200. Not every device or
entity depicted may be needed in some scenarios, as
explained below.

[0061] The cooking ecosystem 200 comprises a cook-
ing apparatus 202 for cooking a food item 204. The
cooking apparatus 202 comprises a controller 206 for
controlling the cooking process. For example, the con-



1 EP 4 468 879 B1 12

troller 206 may control a heating element (not shown) of
the cooking apparatus 202 (e.g., to control the cooking
temperature of the cooking apparatus 202). The control-
ler 206 is communicatively coupled to a camera 208 for
capturing images. The camera 208 is positioned such
that a region of interest associated with the food item 204
is within a field of view of the camera 208. This particular
configuration is an example. For example, as already
explained, the camera 208 may or may not be inside the
cooking apparatus 202.

[0062] In some cases, the cooking ecosystem 200
comprises a cloud computing service 210 communica-
tively coupled to the controller 206. A cloud computing
service 210 may provide data storage and/or data pro-
cessing services. The cloud computing service 210 may
provide computing resource where there is insufficient
computing resource available in any connected devices.
In some cases, the cloud computing service 210 may
provide updates and other services for the cooking ap-
paratus 202.

[0063] In some cases, the cooking ecosystem 200
comprises a user equipment 212 communicatively
coupled to the controller 206. A user equipment 212
may refer to any computing device associated with a
user (e.g., of the cooking apparatus 202). Examples of
user equipment 212 include: a smartphone, smartwatch,
tablet, Internet of Things (IoT) device, etc. In some cases,
the user equipment 212 may be communicatively
coupled to the cloud computing service 210.

[0064] Any one or combination of the controller 206,
cloud computing service 210 and the user equipment 212
may be used to implement the cooking method 100 and
other embodiments described herein. For example, in
some cases, the controller 206 may implement the cook-
ing method 100 and related embodiments. In this regard,
the controller 206 may comprise processing circuitry (not
shown) for implementing the cooking method 100 and
related embodiments. In other cases, processing circui-
try associated with the various devices and entities of the
cooking ecosystem 200 may implement the cooking
method 100 and related embodiments.

[0065] Figure 3 is a schematic drawing of a cooking
apparatus 300 for implementing a cooking process ac-
cording to an embodiment. The cooking apparatus 300
according to the invention is that of appended claim 8.
[0066] The cooking apparatus 300 comprises a cook-
ing chamber 302 for receiving a food item 304. The
cooking apparatus 300 further comprises a housing
306 defining the cooking chamber 302. The cooking
apparatus 300 further comprises an air circulation sys-
tem 308 for circulating air flow inside the cooking cham-
ber 302. Therefore, in this regard, the cooking apparatus
300 may have a similar form to a fan oven or an air fryer.
The cooking apparatus 300 further comprises a camera
310 for capturing images (of the "view" associated with
the food item 304) during the cooking process. The
captured images may correspond to or be used to derive
the first and second image data.
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[0067] The cooking apparatus 300 further comprises a
controller 312 corresponding to the controller 206 of
Figure 2. The controller 312 is configured to implement
the cooking method 100.

[0068] Thus, the controller 312 is configured to receive
firstimage data corresponding to a view associated with a
food item 304 at a first time of a cooking process im-
plemented by the cooking apparatus 300 (in accordance
with block 102).

[0069] The controller 312 is further configured to re-
ceive second image data corresponding to a view asso-
ciated with the food item 304 at a second time of the
cooking process (in accordance with block 104).

[0070] The controller 312 is further configured to com-
pare the first image data with the second image data to
detect a geometric change of the food item 304 between
the first time and the second time as a result of the
cooking process (in accordance with block 106).

[0071] In response to the detected liquid loss being
indicative of a transition from a first phase to a second
phase of the cooking process where liquid loss from the
food item 304 as a result of the cooking process occurs at
a higher rate during the second phase than the first
phase, the controller 312 is further configured to cause
the cooking apparatus 300 to modify the cooking process
(in accordance with block 108).

[0072] Figure 4 is a graph representative of a cooking
process implemented according to a preferred embodi-
ment. In the first phase of the cooking process, a cooking
apparatus such as described above, is set to cook at a
first temperature (for example, 200 °C). Upon identifica-
tion of the "transition" as described herein (at the start of
the "second phase"), the cooking process is modified by
reducing the cooking temperature to a second, lower,
temperature (for example, 170 °C). This cooking process
may facilitate an initial high temperature cooking phase
(e.g., to reduce overall cooking time, reduce the rate of
food shrinkage and/or improve taste) while reducing the
effect of certain issues arising from excessive liquid
leach-out (e.g., reduced juiciness, excessive shrinkage,
etc.) or burdens for the user (e.g., having to clean oil/fat
spillage).

[0073] In some cases, the first phase may be referred
to as a "no leach-out" phase and the second phase may
be referred to as a "leach-out" phase. The transition may
be detected based on a "smart" visual method, in accor-
dance with various embodiments described herein.
[0074] Variousimplementations of the cooking method
100 and related embodiments are described below in the
context of the cooking method of roasting. Similar prin-
ciples may apply to other cooking methods.

[0075] The roasting procedure may be differentiated
based on a "leach-out status" of the food item. In some
cases, there are at least two phases: a "no leach-out
roasting phase" (the first phase) and a "leach-out roasting
phase" (the second phase).

[0076] The transition of these roasting phases may be
made dynamically by processing circuitry (e.g., imple-
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menting a "smart" leach-out phase detection module) for
implementing the cooking method 100. For example, the
processing circuitry may be configured to detect the start
of the leach-out phase based on the images captured by
the camera 310.

[0077] Insome cases, the processing circuitry may be
configured to detect a visual geometry change or change
rate of the food item 304 based on image/video analysis
(e.g., based on the comparison of the first and second
image data) in the first phase of the cooking process (for
example, within a period of time 0 to 8 minutes for some
food items). In this first phase, the cooking strategy is
suitable for the "no leach-out roasting phase".

[0078] When the change in geometry or a change rate
reaches a threshold (the threshold may be pre-set for a
model, as referred to previously), the processing circuitry
causes the cooking apparatus 300 to switch to the cook-
ing strategy for the "leach-out roasting phase". For the
"leach-out roasting phase", the cooking apparatus 300
applies alower cooking temperature than the initial roast-
ing phase (e.g., at least 10 °C lower than the cooking
temperature used for the "no leach-out roasting phase").
[0079] The timing of the transition (i.e., when the "leach
out roasting phase" starts) may be a parameter used by
the cooking apparatus 300 to judge when the food item
304 may be completely cooked. For example, it may take
a further specified period of time after the transition to
complete roasting of the food item 304. The cooking
apparatus 300 may then reduce the temperature or turn
off to slow down or stop the cooking process.

[0080] In one possible implementation, the compari-
son of the first and second image data yields information
regarding geometry changes of the food item 304. Such
geometry changes provide the indication of the liquid
loss. A threshold geometry change may be indicative
of the transition. In this implementation, a detection mod-
el (implemented by the processing circuitry) may detect
the position of food item’s four external "tip" points (e.g.,
the top, bottom, left and right maximum external tip point
within the field of view of the camera 310). Within equal
time intervals (e.g., every 1 minute), the comparison of
the image data may provide information indicative of any
changes to the position of the four external tip points (e.g.,
by tracking the position of the tip points within the field of
view). After a certain period, e.g., 2 time intervals of
detection, the detection model may select which of these
tip points has moved by the most (indicative of shrinkage
of the food item 304). The detection model may continue
detecting movement of the selected tip point for each time
interval. When the change in position of the tip interval
reaches a threshold for this type of food item 304 (and/or
based on another food factor), this indicates that the
leach-out roasting phase has started (i.e., the transition
has occurred). Further details of this possible implemen-
tation are described below.

[0081] Inadditional possible implementation, the com-
parison of the first and second image data may yield
information regarding a visible area change (e.g., interm
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of pixels) of the food item 304 within each time interval.
For example, a detection model (implemented by the
processing circuitry) may be configured to detect the
area of the food item 304 (e.g., based on a segmentation
model or other approach). A change of the area may be
indicative of shrinkage, and hence provide the indication
of liquid loss. A threshold area change specified by the
model for the food item 304 may indicate when the
transition occurs during the cooking process. Further
details of this possible implementation are described
below.

[0082] In additional possible implementation, the com-
parison of the first and second image data may yield
information regarding visible leach-out liquid. For exam-
ple, a detection model (implemented by the processing
circuitry) may be configured to detect the leach-out liquid
that is visible to the camera 310 (e.g., based on a seg-
mentation model or other approach such as monitoring
for changes in reflectance in a region of interest). In this
regard, there may be visible liquid on the surface of the
food item 304 itself or around the food item 304 on a
"support surface" such as a baking tray, plate or a layer of
aluminum foil under the food item 304. Depending on the
detection model, the comparison may be based on a part
of the image data corresponding to the food item 304
itself or in a region of interest around the food item 304.
This implementation may be standalone or may be used
to assist other implementations such as described
above. Further details of this possible implementation
are described below.

[0083] If there are a plurality of food items 304 in the
cooking apparatus 300, various different cooking strate-
gies may be used to identify the transition (since the
transition may occur at different times for different food
items 304). In some cases, the strategy may comprise
regarding the transition as occurring when detecting the
first food item 304 that has a geometry change that
crosses the threshold. In some cases, the strategy
may comprise regarding the transition as occurring when
detecting the second one, third one, final one etc., of the
food items 304 that each have a geometry change that
crosses the threshold.

[0084] Some embodiments relating to the above are
now described.

[0085] In some embodiments, in the first phase, liquid
is retained by the food item 304. In the second phase,
liquid is leached out by the food item 304. In such embo-
diments, there may be a distinct point where the start of
liquid leach out is detected, after which the cooking
process may be modified. In other embodiments, there
may not be such a distinct change. For example, the rate
of change of liquid loss may substantially increase in the
second phase compared with the first phase. However,
some liquid loss may still occur in the first phase.
[0086] The transition from the first phase to the second
phase occurs when, during the cooking process, a struc-
ture of the food item 304 undergoes a physical change as
aresultof the cooking process such that liquid is released
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from the structure. The "structure" could be any region of
the food item 304 storing matter that may undergo a
change resulting in release of liquid during the cooking
process, such as described above.

[0087] Figures 5(a)-(b) schematically depict images
500 of a food item 504 during a cooking process imple-
mented by a cooking apparatus such as described
above. In Figures 5(a)-(b), the food item 504 is bounded
by a rectangular box 506 fitted to the maximum tip points
(top, bottom, left, right) of the food item 504 at the first and
second times, respectively.

[0088] In this case, the coordinate of the left tip point is
represented by the coordinate (x0, y0) in Figure 5(a) and
coordinate (x1, y1) in Figure 5(b). It can be seen that due
to the particular shape of the food item 504, this region of
the food item 504 (defined by the coordinate) can be used
as a reference for determining how the geometry of the
food item 504 has changed. As depicted, shrinkage of the
food item 504 as a result of the cooking process has
caused the region of the food item 504 to move within the
field of view. Since the coordinates may be determined
from the pixel identifiers, it is possible to determine by
how many pixels the region has moved. A threshold
number of pixels (or distance) can be set for the food
item 504 such that when the threshold is crossed, this
may indicate occurrence of the transition.

[0089] Figures 5(a)-(b) also indicate another way to
determine the indication of liquid loss. In this regard, the
width (w0) and height (h0) at the first time can be deter-
mined based on the dimensions of the rectangular box
506 in Figure 5(a). The width (w1) and height (h1) at the
second time can be determined based on the dimensions
of the rectangular box 506 in Figure 5(b). Thus, a change
in width and/or height of the rectangular box 506 may be
determined from the comparison. If the change crosses a
predefined threshold for the food item 504, this may
indicate occurrence of the transition.

[0090] Anotherway to determine the indication of liquid
loss based on the images 500 depicted by Figures
5(a)-(b) may be to compare the area of the food item
504 atthe firstand second times. A threshold area may be
defined to indicate occurrence of the transition.

[0091] Some of these methods may be computation-
ally simple/light-weight to implement. For example, a
relatively light-weight detection model may be used to
detect the tip points or size of the rectangular box 506. In
another example, a segmentation model may be imple-
mented to distinguish between pixels corresponding to
the food item 504 and non-food item pixels.

[0092] In some cases, any of these detection models
could be implemented by a machine learning (ML) model
(e.g., trained to detect the tip points, perform segmenta-
tion, etc.).

[0093] In some cases, any of these detection models
could be implemented by a deterministic, classical or
non-ML model (e.g., based on analyzing pixel intensity/-
color values across the images where a step change in
pixel intensity/color value may indicate an edge of the
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food item 504).

[0094] Figure 6 is a flowchart 600 referring to a com-
puter-implemented cooking method for detecting the
transition according to an embodiment. The flowchart
600 refers to an implementation similar to or correspond-
ing to the detection model described above where a
change in coordinate of a food item tip point may be used
to provide the indication of the liquid loss. In this regard,
the processing circuitry referred to previously may im-
plement the flowchart 600. As described in more detail
below, the flowchart 600 refers to blocks implementing
the functionality of certain embodiments described here-
in such as the cooking method 100 and certain related
embodiments. In some embodiments, certain blocks may
be omitted or implemented in a different order to that
depicted, as described in more detail below.

[0095] The flowchart 600 starts at block 602.

[0096] In some embodiments, at block 604, the pro-
cessing circuitry may receive the information about the
food item 504 and/or a recipe to be followed for the
cooking process. Such information may be input by a
consumer (e.g., via the cooking apparatus 202, 300 itself
or the user equipment 212) or by an automatic food
recognition function based on the captured images.
The information may not always be needed. For exam-
ple, the functionality of certain embodiments may still be
implemented without such information.

[0097] At block 606, some initial parameters may be
set e.g., based on certain cooking factors such as the
type of food item/recipe to be followed. Examples of initial
parameters that could be setinclude atleastone, and any
combination, of the following parameters A to D. Para-
meter "A" may be t = 0, where "t" is cooking time. Para-
meter "B" may be "t_interval", the time interval for captur-
ing images or video clips to analysis food geometry
change. For example, t_interval may be set at 1 minute
or any other appropriate time. In this example, a new
image of the food item 504 captured every 1 minute may
be received. Each new image may be compared with the
preceding image and/or the first-captured image to de-
tect any indication of liquid loss from the food item 504.
Parameter "C" may be "d_threshold", a distance thresh-
old used for determining whether a geometry change of
the food item 504 compared with its initial geometry is
indicative of occurrence of the transition. The distance
threshold may be based on a cooking factor such as the
type of food item 504. Parameter D may be "t", the heating
temperature for the first phase. The heating temperature
could be set by the consumer or by the cooking apparatus
(e.g., a predefined temperature for the food item 504
being cooked).

[0098] At block 608, images of the food item 504 are
captured attime "t" ateach "t_interval". Suchimages may
correspond to or be used to derive the first and second
image data referred to in the cooking method 100. The
"firstimage data" may refer to an image captured prior to
capture of an image corresponding to the second image
data. Depending on the model, the "comparison" may be
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made between images acquired at regular intervals or
may be made between an image captured at time, t, with
an image captured at time t=0.

[0099] At block 610, the food item 504 is segmented
from the background (e.g., using a segmentation model).
[0100] At block 612, an edge of the food item 504 is
detected by image processing (e.g., using an edge de-
tection model). The edge detection model may be con-
figured to detect the "tip points" of the food item 504
based on the information in the image data. For example,
the region of the detected food item 504 closest to the top
ofthe image frame may be regarded as the "top" tip point.
A similar principle may be applied to the "bottom", "left"
and "right" tip points with respect to the bottom, left and
right of the image frame, respectively.

[0101] At block 614, a frame corresponding to the
rectangular box 506 intersecting each of the tip points
is generated. The position of the corners (top-left, top-
right, bottom-left and bottom-right) of the rectangular box
506 may be defined by x-axis ("X") and y-axis ("Y")
coordinates as follows: X_top-left, Y_top-right, X_bot-
tom-left, Y_bottom-right. With reference to Figure 5, it
can be recognized that these coordinates may be used to
determine the geometry change of the food item 504
between the first and second times.

[0102] Atblock 616, a check is made whether the food
item 504 is raw (i.e., if t=0) or is not raw/cooking has
started (i.e., t>0).

[0103] If the food item 504 is raw (i.e., at t=0, or "yes"),
the flowchart 600 proceeds to block 618 where the values
of the x- and y-axis coordinates described above may
define a reference frame to be used as benchmark to
calculate the geometry change as the cooking process
continues.

[0104] If the food item 504 is not raw or cooking has
started (i.e., t>0, or"no"), at block 620, the presenttime, t,
is added with the parameter, "t_interval".

[0105] At block 622, the change in coordinate corre-
sponding to a distance "d" is calculated. For example, the
detected distance "d" may correspond to the maximum
distance between (x1,y1) and (x0,y0) in Figure 5. Since
the coordinates may be based on pixel values, this may
not correspond to an actual distance moved by the region
of the food item 504. Rather, the distance "d" may re-
presenta magnified or de-magnified value with respect to
the actual distance moved, depending on the set-up of
the camera 310.

[0106] At block 624, at determination is made regard-
ing whether or not "d_threshold" has been crossed.
[0107] Ifthe detected distance "d" crosses (e.g., meets
or exceeds) "d_threshold" (i.e., "yes"), the flowchart 600
proceeds to block 626 where the controller 312 may
cause the cooking apparatus 600 to modify the cooking
process (for the second phase), whereupon the flowchart
600 ends at block 628.

[0108] However, if the detected distance "d" does not
cross "d_threshold" (i.e., "no"), the flowchart 600 pro-
ceeds to block 608 (e.g., to capture a furtherimage at the
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next time interval).

[0109] An example implementation of the flowchart
600 is now described in an experiment that involved
roasting salmon. During the experiment, the salmon
shrunk during the first phase of the cooking process,
during which the salmon was roasted at 180 °C. It was
observed that the "tip points" of the salmon changed
position during roasting. Based on detecting the pixel
coordinates corresponding to each tip point of the sal-
mon, it was observed that the movement of the tip point
exceeded the predefined threshold distance of 8 pixels
after 3 minutes of roasting. This threshold distance was
considered to represent the start of the second phase.
The cooking process was then automatically modified for
the second phase by reducing the heating temperature to
160 °C. The cooking process continued for 15 minutes
until the salmon was cooked. The length of time of the
second phase could be based on a predefined time or
could be controlled based on the detecting a threshold
color change (e.g., browning of the surface of the sal-
mon).

[0110] In a similar experiment that involved roasting
chicken wings, the initial temperature was 190°C for the
first phase. Similarly, it was observed that the movement
of one of the tip points of the chicken exceeded the
predefined threshold distance of 8 pixels after 3 minutes
of roasting. In this experiment, multiple chicken wings
were cooked. The first chicken wing that had a tip point
that exceeded the threshold distance was considered to
provide the time of the transition. The cooking process
was then automatically modified for the second phase by
reducing the heating temperature to 170 °C. The cooking
process continued for 15 minutes until the chicken was
cooked. Again, the length of time of the second phase
could be based on a predefined time or could be con-
trolled based on the detecting a threshold color change
(e.g., browning of the surface of the chicken).

[0111] Figure 7 refers to a computer-implemented
cooking method 700 according to an embodiment. The
cooking method 700 is based on where the indication of
liquid loss comprises a geometric change of the food item
504 (e.g., such as described in relation to Figures 5 to 6,
to which reference may be made). The cooking method
700 may be implemented by the same processing cir-
cuitry for implementing the cooking method 100 and any
related embodiments. In some embodiments, certain
blocks of the cooking method 700 may be omitted or
performed in a different order to that shown, as described
in more detail below.

[0112] The cooking method 700 comprises, at block
702, detecting the geometric change of the food item 504
by identifying a change in position and/or size of at least
part of the food item between the first and second image
data. In other words, the geometric change may be
detected by comparing the first and second image data
to determine a change in a coordinate or a set of co-
ordinates (or a pixel or set of pixels) corresponding to
(e.g., mapped to) at least part of the food item 504
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between the first time and second time. The part of the
food item may be the same part of the food item between
the images such as an identified edge or corner (or other
distinct feature) of the food item 504 visible in the view.
[0113] The cooking method 700 comprises, at block
704, identifying the transition from the first phase to the
second phase by comparing the identified change in
position and/or size with a threshold geometrical change
value (e.g., "d_threshold" or a threshold width or height of
the food item 504 ) indicative of the transition. In response
to the identified change crossing the threshold geome-
trical change value, the cooking method 700 further
causes the cooking apparatus to modify the cooking
process.

[0114] Insome embodiments, the cooking method 700
comprises, at block 706, identifying the change in posi-
tion by: identifying a coordinate in the firstimage data that
corresponds to a region of the food item; identifying a
coordinate in the second image data that corresponds to
the region of the food item 504; and identifying the
change in position based on a change of the identified
coordinate corresponding to the region of the food item
504 between the first image data and the second image
data. Block 706 may refer to tracking movement of at
least one of the tip points referred to in Figure 5. An
identified coordinate of a tip point may correspond to a
position of a "max point" in the food contour. The coordi-
nate may correspond to a pixel identifier (e.g., a pixel
location) in the image data.

[0115] Insome embodiments, the cooking method 700
comprises, at block 708, identifying the change in size by:
identifying a set of coordinates in the firstimage data that
are indicative of a dimension of the food item 504 at the
first time; identifying a set of coordinates in the second
image data that are indicative of the dimension of the food
item 504 at the second time; and identifying the change in
size based on a change of identified coordinates between
the first and second image data. "A" dimension may refer
to a length/width/height or it could refer to a plurality of
dimensions e.g., area or volume. The change may be a
change in number of identified coordinates correspond-
ing to the dimension of the food item 504.

[0116] Thus, in some cases, block 708 may refer to
identifying a change in width, height, depth, area or
volume of the food item 504.

[0117] In one implementation, the "set of coordinates”
may refer to at least two coordinates (e.g., X_top-left,
Y_top-right, X_bottom-left, Y_bottom-right, etc.) that are
indicative of a dimension such as length or width.
[0118] In another implementation, the "set of coordi-
nates" may refer to each of the pixel coordinates between
two opposite edges of the food item 504. For example,
the maximum distance between the same two opposite
edges may be 100 pixels at the first time and 92 pixels at
the second time. Thus, the number of identified coordi-
nates has changed between the first and second times.
[0119] In another implementation, the "set of coordi-
nates" may refer to the pixels making up the visible area of
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the food item 504. For example, the total number of pixels
corresponding to the area may be 500 pixels at the first
time and 450 pixels at the second time. Thus, the number
of identified coordinates has changed between the first
and second times.

[0120] Figures 8(a)-(b) schematically depict images
800 of a food item 804 during a cooking process imple-
mented by a cooking apparatus such as described
above. In Figures 8(a)-(b), the food item 804 comprises
a food surface region of interest 806 in Figures 8(a) and
8(b) respectively. As further shown by Figure 8(b), lea-
ched-out liquid 808 is visible on a support surface for
supporting the food item 804. Liquid loss may be detected
in either or both of the food surface region of interest 806
and on the support surface. Thus, in some embodiments,
the indication of liquid loss comprises a change in an
amount of visible liquid on a surface of the food item 804
and/or on a support surface for the food item 804. Certain
embodiments may make use of this detectable liquid loss
to identify the transition, as described in more detalil
below.

[0121] Figure 9 refers to a computer-implemented
cooking method 900 according to an embodiment. The
cooking method 900 may be based on embodiments
where the indication of liquid loss comprises a change
in an amount of visible liquid on a surface of the food item
804 and/or on a support surface for the food item 804
(e.g., such as described in relation to Figure 8, to which
reference may be made). The cooking method 900 may
be implemented by the same processing circuitry for
implementing the cooking method 100 and any related
embodiments. In some embodiments, certain blocks of
the cooking method 900 may be omitted or performedin a
different order to that shown, as described in more detail
below.

[0122] Insome embodiments, the cooking method 900
comprises, at block 902, using a surface liquid detection
model to detect, between the first and second image
data, the change in the amount of visible liquid on the
surface of the food item 804 and/or on the support surface
for the food item 804.

[0123] The surface liquid detection model may be con-
figured to detect/recognize visible liquid such as based
on a change in reflectance or colorin a detection area (on
the food item 804 itself such as within the food surface
region of interest 806 or on the support surface). This
could be based on a deterministic method for detecting a
change (based on image processing, detecting a change
in color values, histogram analysis, etc.) or an ML-based
method (e.g., trained to recognize a change in visible
liquid such as based on a segmentation model).

[0124] Insome embodiments, the surface liquid detec-
tion model is configured to identify the transition from the
first phase to the second phase by comparing the identi-
fied change in the amount of liquid on the surface of the
food item and/or on the support surface with a threshold
liquid change value (e.g., a predefined value for the
model) indicative of the transition. The cooking method
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900 may further comprise, at block 904, causing the
cooking apparatus to modify the cooking process in
response to the identified change crossing the threshold
liquid change value. In some cases, the transition may be
identified as soon as visible liquid is detected by the
surface liquid detection model. In some cases, the transi-
tion may be identified when a threshold amount of visible
liquid is detected by the surface liquid detection model
(e.g.,basedonachangein area, reflectance and/or color,
etc.).

[0125] Figure 10 refers to a computer-implemented
cooking method 1000 according to an embodiment.
The cooking method 1000 may be implemented by the
same processing circuitry for implementing the cooking
method 100 and any related embodiments.

[0126] In the cooking method 1000, where there is a
plurality of food items 504 to be cooked, a decision is
made regarding the timing of the transition in view of the
different cooking times of the different food items 504. In
this regard, the cooking method 1000 comprises, at block
1002, causing the cooking apparatus 300 to modify the
cooking process in response to identifying when, during
the cooking process, a predefined number or proportion
of the plurality of food items 504 are associated with the
detected liquid loss (e.g., corresponding to the detected
geometric change) indicative of the transition from the
first phase to the second phase of the cooking process.
The predefined number or proportion may refer to the first
food item 504 that undergoes the transition, or a subse-
quent food item 504 undergoes the transition. The selec-
tion of the predefined number or proportion may be based
on a previous study regarding which predefined number
or proportion delivers an optimum outcome (e.g., re-
duced liquid loss, maximum flavor, reduced cooking time,
etc.).

[0127] Figure 11 refers to a computer-implemented
cooking method 1100 according to an embodiment.
The cooking method 1100 may be implemented by the
same processing circuitry for implementing the cooking
method 100 and any related embodiments. In the cook-
ing method 1100, the type of food item 504 being cooked
is taken into account to control the cooking process.
[0128] The cooking method 1100 comprises, at block
1102, receiving data indicative of a type of the food item
504 received by the cooking apparatus 300 for cooking.
[0129] The cooking method 1100 further comprises, at
block 1104, causing the cooking apparatus 300 to apply
heat at afirst target temperature (e.g., for the first phase).
The first target temperature may be based on the type of
the food item and/or any other cooking factor such as
described above.

[0130] In response to the detected liquid loss (e.g.,
corresponding to the detected geometric change) being
indicative of the transition from the first phase to the
second phase of the cooking process, the cooking meth-
od 1100 further comprises causing the cooking appara-
tus 300 to apply heat at a second, reduced, target tem-
perature (e.g., for the second phase).
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[0131] The indication of the liquid loss (e.g., corre-
sponding to the detected geometric change) detected
during the cooking process is compared with a prede-
fined threshold change value based on the type of the
food item. The predefined threshold change value may
be indicative of the transition from the first phase to the
second phase of the cooking process.

[0132] The "predefined threshold change value" may
correspond to the "threshold geometrical change value"
and/or the "threshold liquid change value" referred to
above. The target temperature(s) may be: user-speci-
fied, predefined based on the type of food item and/or
based on a desired cooking result.

[0133] Figure 12 is a schematic drawing of a non-
transitory machine-readable medium 1200 (not accord-
ing to the present invention) for implementing various
embodiments described herein. The machine-readable
medium 1200 stores instructions 1202 readable and
executable by processing circuitry 1204 which, when
executed by the processing circuitry 1204, cause the
processing circuitry 1204 to implement the method of
any of the embodiments described herein (e.g., cooking
methods 100, 700, 900, 1000, 1100 and/or flowchart
600). The machine-readable medium 1200 and/or the
processing circuitry 1204 may be implemented by any of
the controller 206, cloud computing service 210, user
equipment 212 and/or controller 312 of Figures 2 or 3.
[0134] Figure 13 is a schematic drawing of apparatus
1300 for implementing various embodiments described
herein. The apparatus 1300 is implemented by the con-
troller 312 of the apparatus according to appended claim
8.

[0135] The apparatus 1300 comprises processing cir-
cuitry 1302. The processing circuitry 1302 is configured
to communicate with an interface 1304. The interface
1304 may be any interface (wireless or wired) implement-
ing a communications protocol to facilitate exchange of
data with other devices such as another part of the
cooking ecosystem 200.

[0136] The apparatus 1300 further comprises a non-
transitory machine-readable medium 1306 storing in-
structions 1308 which, when executed by the processing
circuitry 1302, cause the processing circuitry 1302 to
implement the method of at least appended claim 1.
[0137] The models described herein are implemented
by the processing circuitry for implementing the cooking
methods accoding to atleast claim 1. The models may be
ML-based or non-ML-based.

Claims

1. A computer-implemented cooking method (100),
comprising:

receiving (102)firstimage data corresponding to
a view associated with a solid food item at a first
time of a cooking process implemented by a
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cooking apparatus;

receiving (104) second image data correspond-
ing to a view associated with the solid food item
at a second time of the cooking process;
comparing (106) the first image data with the
second image data to detect (702) a geometric
change indicative of liquid loss from the solid
food item between the first time and the second
time as a result of the cooking process, wherein
the geometric change is detected by identifying
achange in position and/or size of atleast part of
the solid food item between the first and second
image data;

identifying (704) a transition from a first phase to
a second phase of the cooking process where
liquid loss from the solid food item as a result of
the cooking process occurs at a higher rate
during the second phase than the first phase
by comparing the identified change in position
and/or size with a threshold geometrical change
value indicative of the transition, wherein the
transition from the first phase to the second
phase occurs when, during the cooking process,
a structure of the solid food item undergoes a
physical change as a result of the cooking pro-
cess such that liquid is released from the struc-
ture; and

in response to the identified change in position
and/or size crossing the threshold geometrical
change value, causing (108) the cooking appa-
ratus to modify the cooking process by reducing
a cooking temperature of the cooking appara-
tus.

2. The method of claim 1, comprising identifying (706)

the change in position by:

identifying a coordinate in the first image data
that corresponds to a region of the solid food
item;

identifying a coordinate in the second image
data that corresponds to the region of the solid
food item; and

identifying the change in position based on a
change of the identified coordinate correspond-
ing to the region of the solid food item between
the firstimage data and the second image data.

3. The method of claim 1, comprising identifying (708)

the change in size by:

identifying a set of coordinates in the firstimage
data that are indicative of a dimension of the
solid food item at the first time;

identifying a set of coordinates in the second
image data that are indicative of the dimension
of the solid food item at the second time; and
identifying the change in size based on achange
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of identified coordinates between the first and
second image data.

The method of any of claims 1 to 3, wherein liquid
loss is further indicated by a change in an amount of
visible liquid on a surface of the solid food item and/or
on a support surface for the solid food item, the
method further comprising using (902) a surface
liquid detection model to detect, between the first
and second image data, the change in the amount of
visible liquid on the surface of the solid food item
and/or on the support surface for the solid food item,
wherein the surface liquid detection model is config-
ured to identify the transition from the first phase to
the second phase by comparing the identified
change in the amount of liquid on the surface of
the solid food item and/or on the support surface
with a threshold liquid change value indicative of the
transition.

The method (900) of claim 4, comprising causing
(904) the cooking apparatus to modify the cooking
process in response to the identified change in the
amount of liquid on the surface of the solid food item
and/or on the support surface crossing the threshold
liquid change value.

The method (1000) of any of claims 1 to 5, wherein
where there is a plurality of solid food items to be
cooked, the method comprises causing (1002) the
cooking apparatus to modify the cooking process in
response to identifying when, during the cooking
process, a predefined number or proportion of the
plurality of solid food items are associated with the
detected geometric change indicative of the transi-
tion from the first phase to the second phase of the
cooking process.

The method (1100) of any of claims 1 to 6, compris-
ing:

receiving (1102) data indicative of a type of the
solid food item received by the cooking appara-
tus for cooking;

causing (1104) the cooking apparatus to apply
heat at a first target temperature; and

in response to the detected geometric change
being indicative of the transition from the first
phase to the second phase of the cooking pro-
cess, causing (1106) the cooking apparatus to
apply heat at a second, reduced, target tem-
perature,

wherein the indication of the geometric change
detected during the cooking process is com-
pared with a predefined threshold change value
based on the type of the solid food item, wherein
the predefined threshold change value is indi-
cative of the transition from the first phase to the
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second phase of the cooking process.

8. A cooking apparatus (300) for implementing a cook-
ing process, comprising:

a cooking chamber (302) for receiving a solid
food item (304);

a housing (306) defining the cooking chamber;
an air circulation system (308) for circulating air
flow inside the cooking chamber;

a camera (310) for capturing images during the
cooking process; and

a controller (312) configured to:

receive (102) first image data correspond-
ing to a view associated with a solid food
item at a first time of a cooking process
implemented by the cooking apparatus;
receive (104) second image data corre-
sponding to a view associated with the solid
food item at a second time of the cooking
process;

compare (106) the first image data with the
second image data to detect (702) a geo-
metric change indicative of liquid loss from
the solid food item between the first time
and the second time as a result of the cook-
ing process, wherein the geometric change
is detected by identifying a change in posi-
tion and/or size of at least part of the solid
food item between the first and second im-
age data;

identify (704) a transition from a first phase
to a second phase of the cooking process
where liquid loss from the solid food item as
a result of the cooking process occurs at a
higher rate during the second phase than
the first phase by comparing the identified
change in position and/or size with a thresh-
old geometrical change value indicative of
the transition, wherein the transition from
the first phase to the second phase occurs
when, during the cooking process, a struc-
ture of the solid food item undergoes a
physical change as a result of the cooking
process such thatliquid is released from the
structure; and

in response to the identified change in posi-
tion and/or size crossing the threshold geo-
metrical change value, cause (108) the
cooking apparatus to modify the cooking
process by reducing a cooking temperature
of the cooking apparatus.

9. A non-transitory machine readable medium (1306)
storing instructions (1308) readable and executable
by processing circuitry (1204) of the controller (312)
of the cooking apparatus (300) of claim 8 which,
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when executed by the processing circuitry, cause
the processing circuitry to implement the method of
any of claims 1to 7.

Patentanspriiche

Computerimplementiertes Garverfahren (100), um-
fassend:

Empfangen (102) erster Bilddaten, die einer
Ansicht entsprechen, die einem festen Nah-
rungsmittel zu einem ersten Zeitpunkt eines
von einer Gareinrichtung implementierten Gar-
prozesses zugeordnet ist;

Empfangen (104) zweiter Bilddaten, die einer
Ansicht entsprechen, die dem festen Nahrungs-
mittel zu einem zweiten Zeitpunkt des Garproz-
esses zugeordnet ist;

Vergleichen (106) der ersten Bilddaten mit den
zweiten Bilddaten, um eine geometrische Ver-
anderung zu erkennen (702), die einen Fliissig-
keitsverlust aus dem festen Nahrungsmittel zwi-
schen dem ersten und dem zweiten Zeitpunkt
infolge des Garprozesses angibt, wobei die geo-
metrische Veranderung durch Identifizieren ei-
ner Positions- und/oder GréRenanderung von
mindestens einem Eimer des festen Nahrungs-
mittels zwischen den ersten und zweiten Bild-
daten erkannt wird;

Identifizieren (704) eines Ubergangs von einer
ersten Phase zu einer zweiten Phase des Gar-
prozesses, wobei der Flissigkeitsverlust aus
dem festen Nahrungsmittel infolge des Garproz-
esses wahrend der zweiten Phase mit einer
héheren Rate auftritt als in der ersten Phase,
durch Vergleichen der identifizierten Positions-
und/oder GrofRenanderung mit einem Schwel-
lenwert der geometrischen Anderung, der den
Ubergang angibt, wobei der Ubergang von der
ersten Phase zur zweiten Phase auftritt, wenn
wahrend des Garprozesses eine Struktur des
festen Nahrungsmittels infolge des Garprozes-
ses eine physikalische Anderung erfahrt, so
dass Flussigkeit aus der Struktur freigesetzt
wird; und

als Reaktion auf die identifizierte Positions- un-
d/oder GréRenanderung, die den Schwellen-
wert der geometrischen Anderung iiberschrei-
tet, Veranlassen der Gareinrichtung (108), den
Garprozess durch Reduzieren einer Gartempe-
ratur der Gareinrichtung zu andern.

2. Verfahren nach Anspruch 1, umfassend das Identifi-
zieren (706) der Positionsanderung durch:

Identifizieren einer Koordinate in den ersten
Bilddaten, die einem Bereich des festen Nah-
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rungsmittels entspricht;

Identifizieren einer Koordinate in den zweiten
Bilddaten, die dem Bereich des festen Nah-
rungsmittels entspricht; und

Identifizieren der Positionséanderung basierend
auf einer Anderung der identifizierten Koordina-
te, die der Region des festen Nahrungsmittels
entspricht, zwischen den ersten Bilddaten und
den zweiten Bilddaten.

3. Verfahren nach Anspruch 1, umfassend das ldentifi-

zieren (708) der GroRenanderung durch:

Identifizieren eines Satzes von Koordinaten in
den ersten Bilddaten, die eine Abmessung des
festen Nahrungsmittels zum ersten Zeitpunkt
angeben;

Identifizieren eines Satzes von Koordinaten in
den zweiten Bilddaten, die die Abmessung des
festen Nahrungsmittels zum zweiten Zeitpunkt
angeben; und

Identifizieren der Grofendnderung basierend
auf einer Anderung der identifizierten Koordina-
ten zwischen den ersten und zweiten Bilddaten.

Verfahren nach einem der Anspriiche 1 bis 3, wobei
der Fliissigkeitsverlust weiter durch eine Anderung
der sichtbaren Flissigkeitsmenge auf einer Ober-
flache des festen Nahrungsmittels und/oder auf ei-
ner Trageroberflache fir das feste Nahrungsmittel
angegeben wird, wobei das Verfahren weiter die
Verwendung (902) eines Oberflachenfliissigkeitser-
kennungsmodells umfasst, um zwischen den ersten
und zweiten Bilddaten die Anderung der Menge der
sichtbaren Flussigkeit auf der Oberflache des festen
Nahrungsmittels und/oder auf der Trageroberflache
fiir das feste Nahrungsmittel zu erkennen, wobei das
Oberflachenflissigkeitserkennungsmodell so konfi-
guriert ist, dass es den Ubergang von der ersten
Phase zur zweiten Phase identifiziert, indem es die
identifizierte Anderung der Fliissigkeitsmenge auf
der Oberflache des festen Nahrungsmittels und/o-
der auf der Trageroberflache mit einem Schwellen-
wert der Flissigkeitsdnderung, der den Ubergang
angibt, vergleicht.

Verfahren (900) nach Anspruch 4, umfassend das
Veranlassen (904) der Gareinrichtung, den Garpro-
zess als Reaktion auf die identifizierte Anderung der
Flissigkeitsmenge auf der Oberflache des festen
Nahrungsmittels und/oder auf der Trageroberflache,
die den Schwellenwert der Flussigkeitsdnderung
Uberschreitet, zu modifizieren.

Verfahren (1000) nach einem der Anspriiche 1 bis 5,
wobei, wenn eine Vielzahl von festen Nahrungsmit-
teln gegart werden sollen, das Verfahren das Ver-
anlassen (1002) der Gareinrichtung umfasst, den

10

15

20

25

30

35

40

45

50

55

15

Garprozess als Reaktion auf die Identifizierung zu
modifizieren, wann wahrend des Garprozesses eine
vordefinierte Anzahl oder ein vordefinierter Anteil der
Vielzahl von festen Nahrungsmitteln der erkannten
geometrischen Anderung zugeordnet ist, die den
Ubergang von der ersten Phase zur zweiten Phase
des Garprozesses angibt.

Verfahren (1100) nach einem der Ansprtiche 1 bis 6,
umfassend:

Empfangen (1102) von Daten, die die Art des
festen Nahrungsmittels angeben, das von der
Gareinrichtung zum Garen empfangen wird;
Veranlassen (1104), dass die Gareinrichtung
Hitze bei einer ersten Zieltemperatur anwendet;
und als Reaktion auf die erkannte geometrische
Anderung, die den Ubergang von der ersten
Phase zur zweiten Phase des Garprozesses
angibt, Veranlassen (1106), dass die Garein-
richtung Hitze bei einer zweiten, reduzierten
Zieltemperatur anwendet,

wobei die Angabe der wahrend des Garproz-
esses erfassten geometrischen Anderung mit
einem vordefinierten Anderungsschwellenwert
verglichen wird, der auf der Art des festen Nah-
rungsmittels basiert, wobei der vordefinierte An-
derungsschwellenwert den Ubergang von der
ersten Phase zur zweiten Phase des Garproz-
esses angibt.

8. Gareinrichtung (300) zum Implementieren eines

Garprozesses, umfassend:

eine Garkammer (302) zum Aufnehmen eines
festen Nahrungsmittels (304);

ein Gehause (306), welches die Garkammer
definiert;

ein Luftzirkulationssystem (308) zum Zirkulieren
des Luftstroms innerhalb der Garkammer;

eine Kamera (310) zum Aufnehmen von Bildern
wahrend des Garprozesses; und

eine Steuereinheit (312), die konfiguriert ist
zum:

Empfangen (102) erster Bilddaten, die einer
Ansichtentsprechen, die einem festen Nah-
rungsmittel zu einem ersten Zeitpunkt eines
vom Gareinrichtung implementierten Gar-
prozesses zugeordnet ist;

Empfangen (104) zweiter Bilddaten, die ei-
ner Ansicht entsprechen, die dem festen
Nahrungsmittel zu einem zweiten Zeitpunkt
des Garprozesses zugeordnet ist;
Vergleichen (106) der ersten Bilddaten mit
den zweiten Bilddaten, um eine geometri-
sche Veranderung zu erkennen (702), die
einen Flussigkeitsverlust aus dem festen
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Nahrungsmittel zwischen dem ersten und
dem zweiten Zeitpunkt infolge des Garproz-
esses angibt, wobei die geometrische Ver-
anderung durch Identifizieren einer Posi-
tions- und/oder Gré3enédnderung von min-
destens einem Eimer des festen Nahrungs-
mittels zwischen den ersten und zweiten
Bilddaten erkannt wird;

Identifizieren (704) eines Ubergangs von
einer ersten Phase zu einer zweiten Phase
des Garprozesses, wobei der Flissigkeits-
verlust aus dem festen Nahrungsmittel in-
folge des Garprozesses wahrend der zwei-
ten Phase mit einer hdheren Rate auftrittals
in der ersten Phase, durch Vergleichen der
identifizierten Positions- und/oder GréRRen-
anderung mit einem Schwellenwert der
geometrischen Anderung, der den Uber-
gang angibt, wobei der Ubergang von der
ersten Phase zur zweiten Phase auftritt,
wenn wahrend des Garprozesses eine
Struktur des festen Nahrungsmittels infolge
des Garprozesses eine physikalische An-
derung erfahrt, so dass Flussigkeit aus der
Struktur freigesetzt wird; und

als Reaktion auf die identifizierte Positions-
und/oder  GroRenanderung, die den
Schwellenwert der geometrischen Ande-
rung Uberschreitet, Veranlassen der Ga-
reinrichtung (108), den Garprozess durch
Reduzieren einer Gartemperatur der Ga-
reinrichtung zu modifizieren.

9. Nichtflichtiges maschinenlesbares Medium (1306),
das Anweisungen (1308) speichert, die von einer
Verarbeitungsschaltung (1204) der Steuereinheit
(312) der Gareinrichtung (300) nach Anspruch 8
gelesen und ausgefiihrt werden kénnen, die, wenn
sie von der Verarbeitungsschaltung ausgefihrt wer-
den, die Verarbeitungsschaltung veranlassen, das
Verfahren nach einem der Anspriiche 1 bis 7 zu
implementieren.

Revendications

1. Procédé de cuisson mis en ceuvre par ordinateur
(100), comprenant :

la réception (102) de premiéres données d'i-
mage correspondant a une vue associée a un
aliment solide a un premier moment d’un pro-
cessus de cuisson mis en ceuvre par un appareil
de cuisson ;

la réception (104) de secondes données d'i-
mage correspondant a une vue associée a l'a-
liment solide a un second moment du processus
de cuisson ;
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la comparaison (106) des premieres données
d'image avec les secondes données d'image
pour détecter (702) un changement géomé-
trique indiquant une perte de liquide de I'aliment
solide entre le premier moment et le second
moment en raison du processus de cuisson,
dans lequel le changement géométrique es dé-
tecté en identifiant un changement de position
et/ou de taille d’au moins une partie de I'aliment
solide entre les premiéres et secondes données
d’'image ;

I'identification (704) d’une transition d’'une pre-
miére phase a une seconde phase du processus
de cuisson ou la perte de liquide de l'aliment
solide résultant du processus de cuisson se
produit a une vitesse supérieure pendant la
seconde phase que pendant la premiére phase
en comparant le changement de position et/ou
de taille identifié avec une valeur seuil de chan-
gement géométrique indiquant la transition,
dans lequel la transition de la premiére phase
ala seconde phase se produit lorsque, pendant
le processus de cuisson, une structure de l'ali-
ment solide subit un changement physique a la
suite du processus de cuisson de telle sorte que
du liquide est libéré de la structure ; et

en réponse au changement de position et/ou de
taille identifié dépassant la valeur seuil de chan-
gementgéométrique, le faitd’amener (108) I'ap-
pareil de cuisson a modifier le processus de
cuisson en réduisant une température de cuis-
son de I'appareil de cuisson.

2. Procédéselonlarevendication 1,comprenantl’iden-
tification (706) du changement de position par :

l'identification d’'une coordonnée dans les pre-
miéres données d'image qui correspond a une
région de I'aliment solide ;

l'identification d’'une coordonnée dans les se-
condes données d'image qui correspond a la
région de I'aliment solide ; et

I'identification du changement de position sur la
base d’'un changement de la coordonnée iden-
tifiée correspondant a la région de I'aliment so-
lide entre les premiéres données d’'image et les
secondes données d’image.

3. Procédé selonlarevendication 1, comprenant/l'iden-
tification (708) du changement de taille par :

l'identification d’'un ensemble de coordonnées
dans les premiéres données d’image qui indi-
quent une dimension de I'aliment solide au pre-
mier moment ;

l'identification d’'un ensemble de coordonnées
dans les secondes données d'image qui indi-
quentladimension de 'aliment solide au second
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moment ; et

l'identification du changement de taille sur la
base d’un changement de coordonnées identi-
fiées entre les premiéres et secondes données
d’'image.

Procédé selon I'une quelconque des revendications
1 a 3, dans lequel une perte de liquide est en outre
indiquée par un changement de la quantité de liquide
visible sur une surface de l'aliment solide et/ou sur
une surface de support pour I'aliment solide, le pro-
cédé comprenant en outre I'utilisation (902) d’'un
modéle de détection de liquide de surface pour
détecter, entre les premiéres et secondes données
d’'image, le changement de la quantité de liquide
visible sur la surface de l'aliment solide et/ou sur
la surface de support pour I'aliment solide, dans
lequel le modéle de détection de liquide de surface
est configuré pour identifier la transition de la pre-
miere phase a la seconde phase en comparant le
changement identifié de la quantité de liquide sur la
surface de I'aliment solide et/ou sur la surface du
support avec une valeur seuil de changement de
liquide indiquant la transition.

Procédé (900) selon la revendication 4, comprenant
le faitd’amener (904) I'appareil de cuisson a modifier
le processus de cuisson en réponse au changement
identifie de la quantité de liquide a la surface de
I'aliment solide et/ou sur la surface de support dé-
passant la valeur seuil de changement de liquide.

Procédé (1000) selon I'une quelconque des reven-
dications 1 a 5, dans lequel, lorsqu’il existe une
pluralité¢ d’aliments solides a cuire, le procédé
comprend le fait d’amener (1002) I'appareil de cuis-
son a modifier le processus de cuisson en réponse a
l'identification du moment ou, pendant le processus
de cuisson, un nombre ou une proportion prédéfi-
ni(e) de la pluralité d’aliments solides est associé(e)
au changement géomeétrique détecté indiquant la
transition de la premiére phase a la seconde phase
du processus de cuisson.

Procédé (1100) selon 'une quelconque des reven-
dications 1 a 6, comprenant :

la réception (1102) de données indiquant un
type de l'aliment solide regu par I'appareil de
cuisson pour la cuisson ;

le fait d’amener (1104) I'appareil de cuisson a
appliquer de la chaleur a une premiére tempé-
rature cible ; et en réponse au changement
géométrique détecté indiquant la transition de
la premiére phase a la seconde phase du pro-
cessus de cuisson, le fait d’amener (1106) I'ap-
pareil de cuisson a appliquer de la chaleur a une
seconde température cible réduite,
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dans lequel I'indication du changement géomé-
trique détecté pendant le processus de cuisson
estcomparée a une valeur seuil de changement
prédéfinie surlabase du type de I'aliment solide,
dans lequel la valeur seuil de changement pré-
définie indique la transition de la premiére phase
a la seconde phase du processus de cuisson.

8. Appareil de cuisson (300) pour mettre en osuvre un

processus de cuisson, comprenant :

une chambre de cuisson (302) pour recevoir un
aliment solide (304) ;

un logement (306) définissant la chambre de
cuisson ;

un systeme de circulation d’air (308) pour faire
circulerun fluxd’air al'intérieur de lachambre de
cuisson ;

une caméra (310) pour capturer des images
pendant le processus de cuisson ; et

un dispositif de commande (312) configuré
pour :

recevoir (102) des premiéres données d’i-
mage correspondant a une vue associée a
un aliment solide a un premier momentd’un
processus de cuisson mis en ceuvre par
I'appareil de cuisson ;

recevoir (104) des secondes données d’i-
mage correspondant a une vue associée a
I'aliment solide a un second moment du
processus de cuisson ;

comparer (106) les premiéres données d’i-
mage avec les secondes données d'image
pour détecter (702) un changement géomeé-
trique indiquant une perte de liquide de
I'aliment solide entre le premier moment
etle second moment ala suite du processus
de cuisson, dans lequel le changement
géométrique est détecté en identifiant un
changement de position et/ou de taille d’au
moins une partie de I'aliment solide entre
les premieres et secondes données d’i-
mage ;

identifier (704) d’une transition d’'une pre-
miére phase a une seconde phase du pro-
cessus de cuisson ou la perte de liquide de
I'aliment solide résultant du processus de
cuisson se produit a une vitesse supérieure
pendant la seconde phase que pendant la
premiére phase en comparant le change-
ment de position et/ou de taille identifié avec
une valeur seuil de changement géomé-
trique indiquant la transition, dans lequel
la transition de la premiere phase a la se-
conde phase se produit lorsque, pendant le
processus de cuisson, une structure de I'a-
liment solide subitun changement physique
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a la suite du processus de cuisson de telle
sorte que du liquide est libéré de la struc-
ture ; et

en réponse au changement de position
et/ou de taille identifié dépassant la valeur
seuil de changement géométrique, le fait
d’amener (108) 'appareil de cuisson a mo-
difier le processus de cuisson en réduisant
une température de cuisson de I'appareil de
cuisson.

Support non transitoire lisible par machine (1306)
stockant des instructions (1308) lisibles et exécuta-
bles par un circuit de traitement (1204) du dispositif
de commande (312) de I'appareil de cuisson (300)
selon la revendication 8 qui, lorsqu’elles sont exé-
cutées par le circuit de traitement, aménent le circuit
de traitement a mettre en ceuvre le procédé selon
'une quelconque des revendications 1 a 7.
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